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[bookmark: _Toc473890468]Introduction
In order to complete this assignment the students put themselves into groups in which they carried out flow test’s on a ford cylinder head and a rover cylinder head in order to compare the two. The students carried out the flow tests using a super flow sf600 flow bench, other measuring equipment was also used during the tests of the two heads. The students tested the flow of both the inlet valves and the exhaust valves.
[bookmark: _Toc473890469]Research
A flow bench is a simple device which is used to measure and quantify the amount of air flow through cylinder head runners and intake manifolds. Different types of flow bench are available for certain purposes such as increasing engine performance and fuel economy, developing catalytic converters and certifying their flow rates at the end of a production line as well as a variety of other air flow test applications across multiple industries. (Superflow.com, 2017)
[image: http://www.flowperformance.com/images/flowbench9.JPG]During a flow test, the component is mounted on the flow bench with a blue-tac gasket and secured to the test fixture using vise-grips and G-clamps. The flow bench is then used to suck or blow air through the component at a constant fixed pressure, the manufacturers recommended test pressure is 25 inches of water which is read on the manometer. The machine displays the air flow through the component. (Bohacz, 2017)
	Test piece

	Component

	Test port

	A cylinder heads port is the passage which air travels down to get to the combustion chamber, these ports are flow tested in order to make adjustments to the port and improve the engines performance.

	Cylinder bore adapter

	A flow bench often requires an adaptor to be fabricated to adapt the test object to the flow bench surface with an air tight seal.

	Bench surface

	This is the surface which the cylinder bore adapter is connected to, between the adapter and the bench surface is a makeshift gasket in order to create the airtight seal.

	Settling chamber

	The settling chamber Is the pipe section between the bench discharge port and the device which measures the airflow. The job of the settling chamber is in its name, it settles the turbulent air that has passed 

	Flow element

	This is the element that measures the velocity of the air passing through the component being tested. From the velocity, it is possible to calculate the volume of air passing through the component.

	Air supply

	A bi-directional air source that causes air to flow through the component that is being tested in both directions.


(Flowperformance.com, 2017)



The flow bench in the university laboratory features an orifice inside of a larger settling chamber as opposed to usual flow benches which use a flow element, despite this the design and functionality of the flow bench is very much the same. Other methods that flow benches use to measure air flow are via a hot wire anemometer, a vane air meter, a pitot tube as well as a laminar air flow element. The benefit of using an orifice is that it works by measuring the pressure drop across a “hole” (the component being tested) and comparing it to another hole (the orifice), this is beneficial because both “holes” react the same as each other to changes in the atmosphere due to weather which means that the systems functionality is not altered by the outside weather. (Performancetrends.com, 2017)
Volume air flow
The volume flow rate “Q” of a fluid (a liquid or gas) is simply the volume of a fluid passing through a cross section of the given test piece over a test period. In essence the volume flow rate is the amount of air fuel mixture/ exhaust gasses which pass through the head of the engine over a given amount of time. (Physics LibreTexts, 2018)
Since volume air flow measures the amount of volume that passes through a volume over time, the equation below is how it is found.
Volume air flow = volume / time so therefore Q=V/T
[bookmark: _Toc473890470]Methodology
[bookmark: _Toc473890471]Safety regulations
In order to carry out the test process safely, precautions have to be taken by the students. The students are required to be wearing the correct ppe in order to enter the workshop, the correct ppe consists of steel toe capped boots, dust coat and ear plugs. It is also important to be aware of your surroundings and any potential hazards. It is recommended by lecturers that each student carries out an individual risk assessment prior to the test in order for them to become aware of all the possible hazards that they will be facing.
[bookmark: _Toc473890472]Preparing the flow bench for testing
Firstly the students selected two cylinder heads from the universities parts room and brought them over to the flow bench. The students decided to choose two similar head designs by two different manufacturers in order to see the differences in performance and efficiency between the two cylinder heads.
Once the students had selected their cylinder heads their next task was to remove an inlet valve and an exhaust valve from each cylinder head. Once the valves were removed the students used a Vernier calliper to measure the diameter of the head of each valve and then to measure the valve stem diameter for each valve. The measurements that the students took were tabulated using Microsoft excel.
Now the student are ready to setup one of the heads on the super flow sf-600 flow bench, to do so they first had to select a suitable Cylinder bore adapter, it is important that the bore of the adapter is the same as the bore of the cylinder head as this simulates the combustion chamber. A blue-tac gasket was fabricated by the students and then with the gasket in place the cylinder bore adapter was bolted onto the flow bench.
Next the students placed the cylinder head over the adapter using blue-tac to act as a gasket between them, the head was then clamped down using a series of g-clamps. The students used a plate with 4 bolts in it which was fabricated for the students prior to the test by the workshop technician, this plate was used to wind the valves in and out during the test. Initially the plate was held on by a vise-grip and a g-clamp but this was found to be ineffective due to the plate twisting under pressure, the students were able to overcome this problem by bolting the plate directly onto the cylinder head.
A flat steel plate was placed on each side of the valve winding plate, these plate act as a good, flat surface for the dti gauges to be placed on. The dti sensors were placed on the top of the valve compressing bolts in order for the user to see how open the valves are.
Once the students have got the cylinder head setup on the flow bench, the system has to be checked for leaks which is done by turning the machine on with the valves closed and seeing if it is able to hold pressure. If the system held the pressure it is leak free and ready to start testing. 
During the test the valves were opened in increments of 1.5 mm until they were completely open. After each 1.5mm increment the flow bench is switched on and the pressure is ranked up to 25 inches of water (flow range increased if necessary) and then the flow range and the flow scale are recorded. The flow scale is the rate of airflow though the valves. This test was repeated with the flow bench motor in reverse for the exhaust valve, ensuring that the inlet valve had been closed completely.
The same process was carried out on both cylinder heads.
[bookmark: _Toc473890473]Results
[bookmark: _Toc473890474]Rover cylinder head inlet
Effective valve area:
=  
Ans x 2 (2 inlet valves) = 1.780252592
	range
	1
	2
	3
	4
	5
	6

	Inlet (E)
	16.5
	33.2
	69.7
	138.2
	207.8
	279.5



	1. test number
	1
	2
	3
	4
	5
	6
	7
	8

	2. test pressure
	25
	25
	25
	25
	25
	25
	25
	25

	3. valve lift (A)
	1.4
	2.8
	4.1
	5.5
	6.9
	8.3
	9.6
	11

	4. flow range (1-6)
	1
	2
	3
	3
	4
	4
	4
	4

	5. flow scale (%)
	82.4
	84.2
	56.5
	67
	36
	39
	40.5
	41.5

	6. flowscale (5./100)
	0.824
	0.842
	0.565
	0.67
	0.36
	0.39
	0.405
	0.415

	7. raw test flow l/s (6.x E.)
	13.596
	27.9544
	39.3805
	46.699
	49.752
	53.898
	55.971
	57.353

	cfm= l/s x 2.12
	28.82352
	59.26333
	83.48666
	99.00188
	105.4742
	114.2638
	118.6585
	121.5884

	8. leakage (flowscale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. test cfm (7.-8.)
	28.82352
	59.26333
	83.48666
	99.00188
	105.4742
	114.2638
	118.6585
	121.5884

	10. test cfm/sqin (9./Effective area)
	16.19069
	33.28928
	46.89596
	55.61114
	59.24678
	64.18402
	66.65263
	68.29838

	11. potential flow (p30-31 of manual)
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	12. % potential flow (10./11.)
	63.99483
	70.37903
	71.37894
	69.34058
	65.03489
	65.3605
	65.66762
	67.55527




[bookmark: _Toc473890475]Rover cylinder head exhaust
Effective valve area:
=  
Ans x 2 (2 exhaust valves) = 1.334619245
	range
	1
	2
	3
	4
	5
	6

	Exhaust (F)
	19.5
	33.2
	69.7
	138.2
	219.6
	284.6



	1. test number
	1
	2
	3
	4
	5
	6
	7
	8

	2. test pressure
	25
	25
	25
	25
	25
	25
	25
	25

	3. valve lift (B)
	1.2
	2.4
	3.6
	4.8
	6
	7.2
	8.4
	9.6

	4. flow range (1-6)
	1
	2
	3
	3
	4
	4
	5
	5

	5. flow scale (%)
	47
	54
	38
	47.5
	27
	29
	21
	22

	6. flowscale (5./100)
	0.47
	0.54
	0.38
	0.475
	0.27
	0.29
	0.21
	0.22

	7. raw test flow cfm (6.x f.)
	9.165
	20.034
	28.5
	35.625
	40.095
	43.065
	46.116
	48.312

	cfm= l/s x 2.12
	19.4298
	42.47208
	60.42
	75.525
	85.0014
	91.2978
	97.76592
	102.4214

	8. leakage (flowscale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. test cmf (7.-8.)
	19.4298
	42.47208
	60.42
	75.525
	85.0014
	91.2978
	97.76592
	102.4214

	10. test cfm/sqin (9./Effective area)
	14.55830947
	31.82337
	45.27134
	56.58917
	63.68963
	68.40738
	73.25379
	76.74207

	11. potential flow (p30-31 of manual)
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	12. % potential flow (10./11.)
	57.5427252
	67.27985
	68.90615
	70.56007
	69.91177
	69.66128
	72.17122
	75.90709










[bookmark: _Toc473890476]Ford cylinder head inlet
Effective valve area:
=  
Ans x 2 (2 inlet valves) =2.199114858
	range
	1
	2
	3
	4
	5
	6

	Inlet (E)
	16.5
	33.2
	69.7
	138.2
	207.8
	279.5



	1. test number
	1
	2
	3
	4
	5
	6
	7
	8

	2. test pressure
	25
	25
	25
	25
	25
	25
	25
	25

	3. valve lift (A)
	1.5
	3
	4.5
	6
	7.5
	9
	10.5
	12

	4. flow range (1-6)
	2
	3
	3
	3
	4
	4
	4
	4

	5. flow scale (%)
	54
	50.5
	80.4
	94
	49
	50
	50.5
	51

	6. flowscale (5./100)
	0.54
	0.505
	0.804
	0.94
	0.49
	0.5
	0.505
	0.51

	7. raw test flow cfm (6.x E.)
	17.928
	35.1985
	56.0388
	65.518
	67.718
	69.1
	69.791
	70.482

	cfm= l/s x 2.12
	38.00736
	74.62082
	118.8023
	138.8982
	143.5622
	146.492
	147.9569
	149.4218

	8. leakage (flowscale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. test cfm (7.-8.)
	38.00736
	74.62082
	118.8023
	138.8982
	143.5622
	146.492
	147.9569
	149.4218

	10. test cfm/sqin (9./Effective area)
	17.28303
	33.93221
	54.02276
	63.16094
	65.28179
	66.61407
	67.28021
	67.94636

	11. potential flow (p30-31 of manual)
	21.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	12. % potential flow (10./11.)
	81.14097
	71.73828
	82.22642
	78.75429
	71.65949
	67.83511
	66.28593
	67.20708





[bookmark: _Toc473890477]Ford cylinder head exhaust
Effective valve area:
 
Ans x 2 (2 exhaust valves) = 1.237944585
	range
	1
	2
	3
	4
	5
	6

	Exhaust (F)
	19.5
	33.2
	69.7
	138.2
	219.6
	284.6



	1. test number
	1
	2
	3
	4
	5
	6
	7
	8

	2. test pressure
	25
	25
	25
	25
	25
	25
	25
	25

	3. valve lift (B)
	1.2
	2.4
	3.6
	4.8
	6
	7.2
	8.4
	9.6

	4. flow range (1-6)
	1
	2
	2
	3
	3
	3
	3
	3

	5. flow scale (%)
	53.5
	60
	86.4
	39
	56
	57.5
	59
	60.5

	6. flowscale (5./100)
	0.535
	0.6
	0.864
	0.39
	0.56
	0.575
	0.59
	0.605

	7. raw test flow cfm (6.x f.)
	10.4325
	22.26
	32.0544
	29.25
	42
	43.125
	44.25
	45.375

	cfm= l/s x 2.12
	22.1169
	47.1912
	67.95533
	62.01
	89.04
	91.425
	93.81
	96.195

	8. leakage (flowscale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. test cfm (7.-8.)
	22.1169
	47.1912
	67.95533
	62.01
	89.04
	91.425
	93.81
	96.195

	10. test cfm/sqin (9./Effective area)
	17.86582
	38.12061
	54.89368
	50.0911
	71.92568
	73.85226
	75.77884
	77.70542

	11. potential flow (p30-31 of manual)
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	12. % potential flow (10./11.)
	70.6159
	80.59325
	83.55202
	62.45772
	78.95244
	75.20596
	74.65895
	76.85996
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The first step of an analysis is spotting anomalies in the student’s results, an anomaly is an abnormality which stands out. There are two anomalies in the student’s results that become obvious once the results have been put into graphs.
The student’s first anomaly is in their results for the Rover cylinder head inlet values and is fairly easy to spot on the graph below.The student’s second anomaly is in their results for the Ford cylinder head exhaust values and is a lot more blatant than the first anomaly that the students came across. Many factors could have affected the student’s results in order to give them these faults but they were both most likely down to human error





[bookmark: _Toc473890479]
 Conclusion
tuning potential – to obtain the true tuning potential the students must subtract their measured maximum cfm/square inch from the maximum calculated potential that can be obtained from the super flow manual.
Rover cylinder head inlet tuning potential
Maximum calculated potential = 80.2 cfm/square inch
Measured value = 55.61114 cfm/square inch
80.2 – 55.61114 = 24.6 cfm/square inch
Tuning potential = 24.6 cfm/square inch
Ford cylinder head inlet tuning potential
Maximum calculated potential = 80.2 cfm/square inch
Measured value = 63.16094 cfm/square inch
80.2 – 63.16094  = 17.03906 cfm/square inch
Tuning potential = 17.03906 cfm/square inch 
Rover cylinder head exhaust tuning potential
Maximum calculated potential = 91.1 cfm/square inch
Measured value = 63.68963 cfm/square inch
91.1 – 63.68963 = 27.41037 cfm/square inch
Tuning potential = 27.41037 cfm/square inch
Ford cylinder head exhaust tuning potential
Maximum calculated potential =  91.1 cfm/square inch
Measured value = 71.92568 cfm/square inch
91.1 – 71.92568 = 19.17432 cfm/square inch
Tuning potential = 19.17432 cfm/square inch
From reviewing the results which have been obtained from this investigation, I am able to see that the ford cylinder head has been able to achieve a volume flow rate for its inlet and outlet valves which are both closer to the engines maximum calculated volume flow rate when compared to the results obtained from the rover engine. Having a flow rate closer to the maximum calculated flow rate means that in its current state the cylinder head for the ford engine will perform better than the rover engine.
Both of the cylinder heads which have been tested have fallen short of their maximum potential, there are many factors which can cause this. The first reason for the cylinder heads underperforming when compared to their maximum calculated potential is that the equation used to calculate the maximum potential of the heads does not take into to account limiting factors such as friction, which slows down and disrupt the flow of the gasses through the cylinder head. Another factor which can affect the flow of gasses through the head is the valve design, putting it simply the valve is in the gasses path which slows the gases down substantially by creating a high pressure on one side of the valve and low pressure on the opposite side of the valve. This is a large problem when it comes to volume flow rate which is why there is a large variation of valve designs to suit different uses.
Modifying an engines head is not the only way in which its volumetric efficiency can be improved, an alternative to this is forced induction. The two most widely used methods of forced induction in the motor industry are turbo chargers and super chargers, both are essentially compressors which force more air into the engine. The difference between the two is how they are powered, a supercharger is powered by a pulley connected directly to the crank shaft, whereas a turbo charger is driven by scavenging energy from the exhaust gasses. Both of these methods are proven to be effective when improving volumetric efficiency.
For optimum performance, a motorsport team would run a ported cylinder hear along with a method of forced induction, but in the real world race teams work on set budgets. Due to being run on a budget, parameters are set on what they can afford to do to improve the volumetric efficiency, this is why most low budget teams, when given the choice will opt for forced induction as opposed to cylinder head porting due to the fact that for the similar costs forced induction offers a larger improvement to an engines volumetric efficiency. 
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 rover exhaust cmf against valve lift (b)

9. test cmf (7.-8.)	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	19.4298	42.472080000000005	60.42	75.525000000000006	85.001400000000018	91.297799999999995	97.765920000000008	102.42144	


 test cfm/sqin against valve lift (B)

10. test cfm/sqin (9./Effective area)	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	14.558309474999366	31.823368469409417	45.271338792960385	56.589173491200484	63.689625575570069	68.407375618204867	73.253791571093373	76.742067360193062	


ford inlet cfm against valve lift (a)

9. test cfm (7.-8.)	1.5	3	4.5	6	7.5	9	10.5	12	38.007360000000013	74.620820000000009	118.80225600000003	138.89816000000002	143.56215999999998	146.49199999999999	147.95692	149.42184	


 test cfm/sqin against valve lift (A)

10. test cfm/sqin (9./Effective area)	1.5	3	4.5	6	7.5	9	10.5	12	17.283026332952005	33.93220673697072	54.022760824800912	63.160939272777178	65.281792571109065	66.61407405215212	67.280214792673632	67.94635553319516	


ford exhaust cfm against valve lift (b)

9. test cfm (7.-8.)	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	22.116900000000005	47.191200000000009	67.955328000000023	62.010000000000005	89.04000000000002	91.425000000000011	93.81	96.195000000000007	


10. test cfm/sqin against valve lift (B)

10. test cfm/sqin (9./Effective area)	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	17.865823937506867	38.120607797642258	54.893675228604863	50.09109515188841	71.925675089891058	73.852255672655986	75.778836255420927	77.705416838185869	


ford exhaust cfm against valve lift (b)

9. test cfm (7.-8.)	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	22.116900000000005	47.191200000000009	67.955328000000023	62.010000000000005	89.04000000000002	91.425000000000011	93.81	96.195000000000007	


rover inlet cfm against valve lift (a)

9. test cfm (7.-8.)	1.4	2.8	4.0999999999999996	5.5	6.9	8.3000000000000007	9.6	11	28.823520000000006	59.263328000000016	83.486660000000001	99.001880000000014	105.47423999999999	114.26375999999999	118.65852	121.58835999999999	


10. test cfm/sqin against valve lift (A)

10. test cfm/sqin (9./Effective area)	1.4	2.8	4.0999999999999996	5.5	6.9	8.3000000000000007	9.6	11	16.19069121400274	33.289280558452354	46.89596317689282	55.611142174368482	59.246783559801713	64.184015523118518	66.652631504776934	68.298375492549198	


rover inlet cfm against valve lift (a)

9. test cfm (7.-8.)	1.4	2.8	4.0999999999999996	5.5	6.9	8.3000000000000007	9.6	11	28.823520000000006	59.263328000000016	83.486660000000001	99.001880000000014	105.47423999999999	114.26375999999999	118.65852	121.58835999999999	
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